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Spinal Mobility and Trunk Muscle Strength in Elite
Hockey Players
Elite hockey players of both sexes from the
Australian Institute of Sport were assessed for
lumbar spinemobillty, trunk flexion and back
extensor muscle strength, hamstring flexibility
and postural characteristics over a two year
period.
All the athletes were more mobile in rotation
than the 'normal' West Australian population,
and demonstrated flexible hamstrlngsand
powerful back extensor muscles; trunk flexion
was less strong initially, but improved after in-
tervention in the form of a specific exercise
programme, over the measurement period.
A questionnaire disclosed that low back pain
is a cammon complaint of hockey players, but
rarely required intensive physical and medical
treatment
The term 'hockey player'S back' has been
coined in recognition of the long flat thoraco-
lumbar spine frequently noted in these subjects.
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At a high level of competition,
hockey isa fast game involving long
periods of hard physical work. Each
player must be able to hit the ball with
strength and accuracy, since dribbling,
flicking, pushing and trapping of balls
require not only skill, but also consid-
erablemuscularstrengthand endur-
ance. The nature of the game and the
execution of skilful stickwork requires
the player to adopt a position of
thoraco-Iumbar spine flexion which
must be sustained for most of the du-
ration of a game, which lasts 70 min-
utes. During training, a flexed position
of the thoraco-Iumbar spine may be
adopted for the greater part of a two
hour session. Repetitive cyclic loading
of the spine into flexion may predis-
pose toward low back pain (LBP)
(Twomey and Taylor 1987). This factor
is independent .of other injurious as-
peets of the game such as running,
twisting, stretching, awkward falling or
direct injury, any of which may be
causes of LBP.
A considerable body or data has been
collected on ranges of motion of the
lumbar spine in the normal population
using a wide variety of methodology
(Lindahl 1966, Gregersen and Lucas
1967, Loebl 1967, Troup et al 1967,
Macrae and Wright 1969, Moll and
Wright 1971, ·Loebl 1973, Moran et ·al
1979, and Taylor and Twomey 1980).
The effects ofage (Lindahl 1966, Loebl
1967,Macrae and Wright 1969, Moll
and Wright 1971, Twomey 1979, Tay-
lor and Twomey 1980, lull and Lane
1983, and Twomey and Taylor 1983),
of gender (Tanz 1953, Macrae and
Wright 1969, Moll and Wright 1971,
Moran et a11979, Twomey 1979, Tay-
lor and Twomey 1980, Julland Lane
1983, and Taylor and Twomey 1984),
and, in a few cases, of chronic LBP
on the· range of spinal mobility. (Stur-
rock et a/1973,Hart et al 1974, Fair-
bank et a11984, and Mayet et a/1984),
are documented in the literature. There
is however, very little data on sports
persons in general and nothing relating
to elite hockey players, although the
lumbar spine mobility of ballet dancers
and gymnasts has been investigated
(Micheliet 01 1984, Kirkendall 1985,
Micheli 1985). Attention has been fo-
cussed on assessing the effects of the
remarkable range of lumbar spine mo-
bility found in hockey athletes, to the
development of the LBP syndrome.
In view of the demands placed on
the lumbar spine by elite hockey play..
ers, this study was designed to deter-
mine their lumbar spinal mobility in
the sagittal and coronal planes, and to
compare these results with those of a
normal population of similar age. (No
comparable quantitative data is pres-
ently available to enable different
sporting disciplines to be compared.)
The study introduces an original
trunk flexionstrengthlendurance test
and presents some observations on the
postural characteristics of elite hockey
players. A profile of the history and
incidence of low back pain and dys-
function of each athlete was compiled
by meansofa Back Pain question-
naire. In addition to the above, the
effects of training and specific flexi-
bility programmes on spinal mobility
and on the incidence of back pain is
considered.
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backwards to an angle of 50° from the
vertical,with their feet securely fixed
by the examiner (Figure 1), and was
instructed to maintain an isometric hold
in this position for as long as possible,
up to a three minute maximum. Should
the subject's trunk angle alter, or if
the three minutes time limit was
achieved the test was terminated.
A back pain questionnaire was com-
pleted by all subjects detailing their
recent and past history of low back
and thoracic spinal pain (Appendix).
In addition to the major assessment,
each subject's erect posture was care-
fully examined. Particular attention
was paid to the presence or absence of
normal physiological spinal curves in
the sagittal plane, to the presence of
lateral curvature (scoliosis) .and to the
equality of leg length as viewed pos-
teriorlyby the level of the posterior
superior iliac .spines (PSIS).
Hamstring flexibility was assessed
using the straight leg raise (SLR) tesL
Asyrnmetriesof (i) erector spinae mus-
cle development, and (ii) bone levels
Figure-1::SubJect positioningfortrunkflexionstrength/endurance test This
photograph shows the athlete with an additional load (8kg) held against the
chest.
Taylor 1979, Taylor and Twomey 1980,
and Farrell and Twomey 1983). The
spinal mobility recordings were per-
formed by the same examiner and at
the same time of day (late afternoon)
on each occ(lsion. No 'warm up' period
was permitted and a significant period
of time allowed to elapse·between
successive measures so that theexami-
nerwas 'blind' to the previous results.
Isometric muscle testing of erector
spinae and hip extensors were per-
formed in the prone position by means
of the Sorenson Test (Nordin et a/1987,
Kahanovitzetal 1987).
A similar clinical .measure of trunk
flexion strength/endurance was devel-
oped and served as part of the pilot
study to assess the validity and relia-
bility of the measure. Each subject was
seated on the edge ofaplinth with
their hips and knees flexed to 90° and
their feet firmly held on the plinth.
Each subject was instructed to sit on
their ischial tuberosities with arms
folded across the chest. On command,
the subject inclined the straight trunk
Studies Performed
The assessments incorporated four
components:
(1) Measurements of lumbar spinal
mobility;
(2) A trunk flexion strength/endur-
ance evaluation;
(3) Back pain questionnaire;
(4) Postural observations.
Following the initial assessments, the
subjects were interviewed and; where
appropriate an individual flexibilityafid
strengthening programme was devised
in an attempt to remedy any pre-exist-
ing problems of inflexibility and muscle
weakness. Each subject incorporated
the programme, which included
stretching, flexibility and strengthening
exercises Jor the lumbar spine, ham-
strings, hip flexors and trunk, intotheir
daily training schedule. The impor-
tance of compliance in the perform-
anceof the remedial programme was
continually stressed by the sports
physiotherapists and the coaches.
Lumbar spinal mobility was· meas-
ured in two planes
zontal. Sagittal mobility was measured
using the lumbarspondylometer,while
horizontal mobility was measured using
the lumbar rotameter (Twomey and
Materials and· methods
Subjects
The subjects in the study consisted
of 32 elite hockey players (15 male and
17 female) between the ages of 17 and
26 years. All were members of the 1985
Australian Institute of Sport (AIS)
hockey squad while 16 of these players
were also members of the 1984 squad.
This latter group (16) was assessed and
measured twice in 1984, while all sub-
jects (32) were tested on three occasions
in 1985.
One subject reported a significant
history of low back pain (LBP) prior
to commencing intensive training at
AIS. The remaining subjects had LBP
histories ranging from no history
through to complaints of ,mild inter-
mittentsymptomswhich were usually
associated with heavy training and
which settled with rest.
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Figure 2: Histogram showing the Huctuationinmean lumbar spine mobility over
a two year period for sixteen subjects (Male = 7; Female = 9).
a significant increase (t= -3.69; p
< 0.003), whereas for females the dif-
ference did not reach significance (t=
- 1.25, p < 0.15). On combining male
and female results, the difference in
horizontal mobility, due to interven-
tion between the first and ·last assess-
ment, was statistically significant (I =
~ 3.27,p< 0.003). Overall, the male
subjects were more mobile in the hor-
izontal plane at all assessments than
the female subjects. Again, this differ-
ence was not statistically significant at
either the first or last measure in 1985
(February t= -0.75, p < 0.25; No-
vember: t= 1.02, p<O.15).
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Table 1 provides a comparison be-
tween the lumbar spine mobility of elite
hockey players and a sub-set ofa
'normal' West Australian population
of similar age (Taylor and Twomey,
1980). It demonstrates that the sagittal
range was similar for both the hockey
players and the 'normal' population,
however the hockey players showed a
greater range of horizontal mobility.
The 16 athletes who had trained at
AIS over the two year period were
compared on their results at the March
1984 assessment to those at the
November 1985 assessment. These re-
sults are shown in Table 2, and are
feMALEMALE
40
50
Sagittal
Range
(Degrees)
Results
Lumbar Spine Mobility
The ranges of sagittal and horizonal
plane mobility, together with the mean
and standard deviation for both sexes,
are shown in Table 1. A comparison
of the sagittal range for males at the
February 1985 assessment with that at
the November 1985 assessment showed
that the difference following the mo-
bility programme was statistically sig-
nificant (t == - 3.02, p < 0.005),
whereas for females the difference in
sagittal range over the year did not
reach statistical significance (t =
~ 1.47, P < 0.10). When all male and
female results (1985) were combined,
this difference was statistically signifi-
cant (I = 2.91,p < 0.005). The female
subjects were generally slightly more
mobile in the sagittal plane than their
male counterparts, except at the .last
assessment in 1985.·This difference be-
tween the genders was not satistically
significant at either the first or the last
measurein 1985 (February: t= -1.10,
p< 0.15; November: t= -0.03,
p< 0.5).
A comparison of the 1985 measures
of horizontal range for males showed
and soft tissue contours on each side
were noted.
Table 1:
Means and standard deviations for total sagittal and horizontal ranges ofmovement on successive assessments
in 1985 for male and female hockey players (N= 32)
34.4 ± 7.71 (22-52) 41.9 ± 10.46 (23-74)
39.5 ± 5.36 (30-48) 46.0 ± 9.23 (27-66)
40.2 ± 6.77 (27-52) 49.2 ± 12.14 (33~74)
42 ±6.3 (11-73) 33 ± 6.2 (15-70)
35.1 ± 7.45 (21-47) 39.5 ± 12.75 (17-66)
42.7 ± 6.91 (31-56) 42.8 ± 6.71 (34-64)
38.7 ± 7.69 (23-52) 43.1 ± 8.85 (24-56)
42 ±6.7 (20-65) 33 ± 6.0 (10-58)
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Time Sex
Feb. M
June M
Nov. M
Taylor &
Twomey (1980) M
Feb. F
June F
Nov. F
Taylor &
Twomey (1980) F
Age
Mean Range
21.06 (18~24)
(20-35)
20.76 (17-26)
(18-35)
Sagitta/Range
Mean ± SD Range
Horizontal Range
Mean ± SO Range
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Table 2:
Mean and standard deviation for total sagittal and horizontal ranges of movement for male (N = 7) and female
(N = 9) hockey players over 1984185
Time
March 1984
June 1985
Nov. 1985
March 1984
June 1985
Nov. 1985
Sex
M
F
Age
Mean Range
22.43 (21-24)
21.67 (18..26)
Sagittal Range Horizontal Range
Mean ± SD Range Mean ± SD Range
36.7 ± 8.85 (24-50) 44.7 ± 19.49 (23..74)
39.4 ± 6.39 (30-45) 42 ± 10.3 (27..58)
42.43 ± 6.99 (32..52) 50 ± 10.13 (38..68)
40.2 ± 9.95 (28..58) 38 ± 9.09 (23..53)
42.8 ± 6.97 (34..52) 44.4 ± 4.61 (38..51)
37.7 ± 6.22 (30..47) 44.4 ± 8.43 (36~55)
Figure 3: Histogram shows changes in mean trunk flexion hold time for both
sexes over the three assessments in 1985.
(2) During 1985, ofthe 25 subjects with
a history of LBP, 760/0 continued
to suffer from LBP. However, no
subjects reported any episodes of
severe pain, 26070 reported moder-
ate pain and 74OJoreportedepisodes
of only mild pain. Of the subjects
treated for LBP in 1985., only three
required greater than five days
away from training and games,
while an additional three subjects
required between 5..14 days off
training and playing. Those who
did not miss any training or games,
however, required modification .of
MALE FEMALE
180
Trunk Flexion 160
Hold
Time
(Seconds) 140
120
100
80
FEB JUNE NOV FEB JUNE NOV
1985
Back Pain Questionnaire
The Back Pain questionnaire pro-
vided the following:
(1) Seventy-eight percent (25 subjects)
had a history of.at least one episode
of hockey-related LBP prior to en-
try into the AIS; of thisgroup,8OJo
had experienced more than one
episode of severe pain, 32070 de-
scribed the pain as. moderate,whiIe
600/0 complained of mild pain only.
0.003) indicating that despite the same
intervention, the females did not
achieve as great a training effect.
Trunk Flexion Strength/Endurance
The results of the pilot study for the
trunk flexion strength/endurance test
are shown in Figure 3.
When trunk flexion hold time is
compared ·betweeu the first and last
assessments in 1985, the results are
highly significant for both males and
females, and for combined male and
female subjects(Males t=-15.38, p
< 0.001; Females t= "-6.73, p <
0.001; Males .and Females p< ·0.001).
When males and females were com..
pared on trunk flexion hold time at the
first assessment, there was nosignifi,;.
cant difference between the sexes prior
to intervention (t == -0.51, P < 0.35).
However, at the last measure in 1985,
the difference between the sexes was
statistically significant (t= 3.17, p <
illustrated graphically in Figure 2. Ex-
cept for the female sagittal range, all
other measures show a trend toward
considerable improvement in range.
This trend toward incre,ase in range did
not prove to be statistically significant
for males (t = -1.35, P < 0.15), or
females (1= - 0.85, P < 0.25), or
both sexes, combined (t = - 0.42, p <
0.35). When horizontal mobility for
males was analysed over the same
period, a ,statistically significant result
was obtained (1= 2.65, P < 0.025).
For females, the result was not statis-
tically significant (t= ,-1.52, P <
0.10), nor was the combined male and
female result (t= - 1.64, p < 0.10).
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training, egavoid flicking tech-
niques for a few days. Preventative
advice was given where appropri-
ate.
(3)No .subject, without a past history
ofLBP, developed LBPduring the
course of training in 1985.
Postural observations
Postural observations reveal that elite
hockey players of both sexes have
similar postural characteristics. The
'hockey player's back' is long and flat
in the thoracolumbar region, with a
notable absence of the normal smooth
physiologic curves in the sagittal plane.
A small lateral curvature of the spine
was common; this was usually mild and
concave to the right in the thoracol-
umbar region. Compensatory curves
were frequently noted in the upper tho-
racic region. Asymmetrical erector spi-
nae ·muscle development was noted in
six males and three females usually on
the right side. A leg length inequality
of 1.0 - 1.5 cm was apparent in four
of the ten male subjects and four of
the eight females subjects with postural
scoliosis. Shortening of the left leg
occurred as often as shortening of the
right leg, despite the major spinal cur-
vature being consistently concave to
the right. It is probable that there is a
small primary lumhar curve concave to
the left in those subjects with left leg
shortening. This may require radio-
graphy to he clear to the examiner.
Hamstring flexibility using the SLR
Test found all subjects to have an SLR
equal to or exceeding 80°.
Erector spinae and hip extensor
muscle strength on isometric testing was
found to be Grade 5. Withoutexcep-
tion,all subjects were very strong on
testing and this test was excluded from
later assessments.
Discussion
The main conclusions of this study
are as follows:
1. Spinal Mobility
(a) Statistically significant increases
were recorded between the first and
last measures made in 1985 for both
sagittal and horizontal ranges of
movement. For those 16 subjects
measured over the two years period,
there was a general increase in the
range of rotation, although this
proved to be statistically significant
form~.les only.
(b) Female hockey players are more
mobile than males in the sagittal
plane, although the converse is true
in the horizontal plane.
(c) Hockey players of both sexes are
more mobile in the horizontal plane
but have much the same range of
sagittal movement as does the
normal West Australian population
(Taylor and Twomey 1980).
2. Muscle Strength
(a) The strength of the long back
muscles and hip extensors is uni-
forrnlyexcellent;
(b) There was a significant improve-
ment in trunk flexion hold timedur-
ing 1985, with the male athletes
achieving the greater training effort.
3. Low Back Pain (LBP)
The hockey players demonstrated a
frequency of occurrence similar to
that of a general population (Na-
chemson 1969). Frequent ·mild .epi-
sodes of LBP are associated with
heavy training.
4. Posture
The typical 'hockey player's back'
is characteristically identified as a
long relatively flat thoracolumbar
region, with some muscleasymme-
tryon the right side.
Spinal Mobility
The present study shows that the
young female athletes have the largest
range of lumbar sagittal plane move-
ment,while the males have a larger
range of rotation. These results cor-
respond with the study by Taylor and
Twomey (1980) for young adults of the
same age range, although the differ-
ences in ranges between the sexes were
smaller with the hockey players than
with the generalWest Australian popu-
lation. These differences may follow as
a result of the intensive training effort
for the athletes which includes an em-
phasis on lumbar mobility and agility.
When a closer comparison is made
with the results of Taylor and Twomey
(1980), it ·is evident that the range of
sagittal movement in, the two .studies
are similar, but that the athletes are
much more mobile in the horizontal
plane (by 33OJomales, and 24070
females). The demands of this sport
require the athlete to become proficient
at skills, such as receiving the ball from
behind, cross-field passing and rapid
changes of direction while dribbling the
ball. All activities require considerable
lumbar rotary movements, towards
end-range. The increase in ranges of
lumbar rotation in both sexes during
1984 may reflect the success of the
exercise intervention programme, or
implies that the increased hockey par-
ticipation affects spinal rotary mobil-
ity, or both. With the 16 subjects meas-
uredover the two year period, a
statistically significant improvement in
horizontal range only occurred with the
males (Table 2). However, the females
showed a distinct trend toward
increase.
Posture and Back Pain
Postural observations indicate that a
large number of elite hockey players
have long flat thoracolumbar spinal
regions. Fairbank (1984) noticed an in-
creasing incidence of LBP in subjects
with such long flat backs. In the game
of hockey, the players are in thoraco-
lumbar flexion for long periods of time
during training and competition. Elite
players are extensively involved in these
activities during their adolescence, and
this may contribute to the high inci-
dence of lumbar 'flattening' observed.
Kraus (1976) in a mathematical study
of the stresses of lumbar lordosis sup-
ported Farfan's (1973) clinical obser-
vations and showed that flatter spines
tend to fail by flexion, while lordotic
spines tend to fail by rotation. Since
hockey is a sport which is played in
lumbar flexion, it is not surprising to
note the incidence ofLBPamongthe
subjects, however significant· episodes
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ofacuteLBP are low in the current
study. All the hockey athletes at AIS
participate in an intensive back edu-
cation programme which stresses
abdominal strength, ranges of lumbar
movement and the need to maintain a
good lumbar lordosis. This may
account for the relatively low incidence
of debilitating LBP among these ath-
letes.
Asymmetries of posture are common
and include .0-
(a) scoliosis in 48OJo of subjects; of
these 80070 were functional, and
20OJomild structural;
(b) leg length inequality greater than
lem was observed in 32070 of the
subjects; of these 60070 had an
associated functional scoliosis;
(c) erector spinae muscle development
was asymmetrical in 29070 of all
subjects, and was on the right side
in an but one athlete.
In all cases, the scoliosis observed
was mild and concave to the right in
the thoracolumbar region. Half of these
subjects were associated with a leg
length inequality of greater than 1em.
All hockey is played right-handed, and
all athletes involved had been playing
the game intensively for a number of
years. This may help account forsorne
of the functional scoliosis observed.
Giles etal (1982)·· and Reid etal (1984)
suggest that functional scoliosis may
eventually become structural where
there is·a leg length inequality of greater
than9mm. Where leg length inequality
is greater than.5l11m,Friberg (1983)
showed that relief of back pain symp-
toms could ·be •achieved with a ·simple
shoe lift. Such ashoe<lift may reduce
the bending and rotationtofque on the
affected spinal· segments, thetebyre-
dueing the likelihood of LBP syrnp-
toroSe This could be·,considered impor-
taIltwithathleteswho train and play
very regularly and whosubjeet their
bodies to considerable stress at the lim-
its of ,spinal motion. All· athletes with
a leg length inequality equal to or
greaterthan letn and who had a history
of LBPwere fitted with a shoe lift.
The asymmetrical development of the
right erector spinae muscles is likely to
be due to. hitting techniques with the
right hand.
Previous studies have <attempted to
link tight hamstring muscles .withLBP
in athletes (Slocum and James 1968,
Klein 1976 and Bach et af 1985), due
to the repetitIve short range use of the
muscle in sprint running. It is postu-
lated that tight hamstrings pull down
on the ischial tuberosity, rotate the
pelvis, flatten the lumbar spine and
eventually result in back dysfunction.
However, this trend is·not evident in
elite hocky athletes, since only one sub-
ject showed straight leg-raising ability
of less than 80°. In this regard, they
are similar to soccerplayerswho,Ek-
strad and Gillquist (1982) found, are
generally more flexible thanotherath-
letes, although they differ from rugby
and Australian rules footballers who
are generally quite inflexible in straight
leg-raising (White 1985, and Davidson
and Hearn ·1985). The hamstring .f1ex-
ibility of the elite hockey athlete may
be due to .the extensive 'warm up' and
'cool down' procedures, involving con-
siderable stretching and to the require-
ments of the game. In this latter
respect, hockey players run very fast
with their thoracolumbar spines fully
flexed, as they control the balL This
procedure necessarily places the
hamstring muscle group under consid-
erable tension, and would be difficult
and painful if the muscles were short...
ened.
Trunk flexion 'holding time' im-
proved significantly for all subjects in
1985. This may be due to a learning
factor and to the heavy emphasis on
abdominal .strengthening .exercises as
an important part of the training
schedule. The male subjects achieved
a greater training effect than the
female. Thislllay be due to a greater
compliance to the ·strengthening pro-
gramme hythemales,:andalso to the
greater individual ,competition clearly
evident .among ·thernale athletes.
It is .not surprising that episodes of
LBParerelatively common among elite
hockey players, given the postural
demands of the sport. However, the
incidence is no more common than it
is fora 'normal'adult population
(Nachemson 1969). Most of the ath-
letes complained of mild episodes of
pain only, which responded rapidly to
exercise and the modification of the
training schedule. Those athletes with
moderate to severe pain needed .phys-
ical therapy, but missed very few games
asa direct result of back pain. There
was no obvious relationship evident be-
tween lumbar mobility and.LBP, ie the
less flexible. athletes had a similar in-
cidenceofLBP to that of the more
flexible athletes. All athletes were ex-
tremely conscientious in their flexibility
and strengthening regimes, and this
may have been a factor in the picture
presented.
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Back Pain Questionnaire - 1985
Tick appropriate box or brief answer where lines are provided.
General:
1. Have you ever had any back pain?
If answer to 1. is NO, then no further questions need be answered"
If answer to 1. is YES, please continue.
2. Where was the pain? low Back 0
Thoracic 0
(in between shoulder blades)
3. Is your back pain associated with playing hockey?
4. Is it worse following heavy training,orwhen on tour?
5. Have you ever had any treatment for your back pain?
6. If 50, what type of treatment?
From whom?
Yes
o
D
o
o
No
o
o
o
o
How many treatments? Cont. overleaf
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1985:
1. Have you had any episodes of back pain this year?
2. How many? (Put number in box) 0
3. Has it been (please tick box) low back pain? 0 thoracic pain 0
4. What brought on the pain?
5. Has it required treatment?
6. If so, what type of treatment?
From whom?
How many treatments?
7. Have you missed training due to pain?
Yes
o
o
Yes
o
No
o
o
No
o
8. If so, for how long? D (days)
9. When you have your back pain, what can you do, apart from treatment, to help the pain?
Rest
Tablets
Heat
Exercises
Swim
Other
130 The Australian Journal of Physiotherapy. Vol. 34, No.3, 1988
o
o
o
o
o
